Sulfide is present in wastewaters as well as in biogas and can be removed by several physicochemical and biotechnological processes. Nitrate is a potential electron acceptor, readily available in most wastewater treatment plants and it can replace oxygen under anoxic conditions. A lab-scale reactor was operated for treatment of sulfide containing wastewater with nitrate as an electron acceptor and is used to evaluate the effects of volumetric loading rates, hydraulic retention time (HRT) and substrate concentrations on the performance of the lithotrophic denitrification process for treating industrial fermentation wastewaters. Sulfide is removed more than 90% at the loading rates between 0.055 and 2.004 kg S 
INTRODUCTION
In the wastewater containing high concentrations of sulfate, a significant fraction of the organic matter is degraded with sulfate as an electron acceptor in anaerobic reactors resulting in accumulation of hydrogen sulfide in the biogas (Kleerebezem & Mendez 2002) . Sulfide in wastewaters has severe toxic effects on ecosystems, microorganisms and human health even at very low concentrations ( Jing et al. 2007; Mahmood et al. 2007 ).
Therefore, reduced sulfur compounds, especially hydrogen sulfide, cause environmental problems and have to be removed from gas streams, especially after the anaerobic treatment. Among those problems, high toxicity, odour, corrosive properties and high chemical oxygen demand may be listed (Manconi et al. 2007 ).
Many processes have been proposed and employed to remove sulfide from gas streams and sulfide rich wastewaters. Commercially applied processes normally use oxygen as electron acceptor for sulfide removal (Abatzoglou & Boivin 2008 
MATERIALS AND METHODS

Experimental set up
The experimental study for sulfide oxidation was conducted using nitrate as electron acceptor. Na 2 S was used as the 
Analytical methods
The samples were collected periodically for the analysis and all the determinations were performed in duplicate.
Analytical methods used to determine suspended solids (SS), volatile suspended solids (VSS), alkalinity, and S 
Operating parameters
The influent concentration, hydraulic retention time, loading rate, NO 3 2 /S 22 molar ratio and removal efficiency are the operational and performance parameters of CFSR.
In this study, the operational parameters of CFSR were maintained by using HRT, loading rate and influent 
RESULTS AND DISCUSSION
Process efficiency
The process efficiency of CFSR was evaluated according to the changes of hydraulic retention time, loading rate and 27-38%. In the experimental studies, however, it was observed that NO 3 2 /S 22 molar ratio also affected the nitrogen removal efficiency (Figure 4 ). When the NO 3 2 / S 22 molar ratio exceeded 4.5, the nitrogen removal efficiency stayed at 25% even in lower loading rates (1.039 kg/m 3 d). However after the 74th day, the nitrate loading was further decreased. As the NO 3 2 /S 22 molar ratio decreased from 6.4 at the day 74 to 0.7, the percent nitrate removal gradually increased from 29% up to at least 98% respectively while maintaining highest sulfide removal.
Sulfur mass balance gives an indication as to the performance of the system. In order to assess the performance of sulfide oxidizing reactor, sulfur mass balance has been set up by analyzing different sulfur species such as S 22 , S 0 , SO 3 22 , and SO 4 22 at the inlet and outlet of the reactor.
But elemental sulfur could not be analyzed in this study due to the difficulty of separation of solid sulfur from biomass. As a result, elemental sulfur is the desired end product, in order to produce less biomass and to consume less energy, in the biological sulfide oxidation systems. It is known that less nitrate consumption would reduce the costs considerably. Furthermore, the elemental sulfur is non-toxic, stable, and insoluble in water so it can be recovered easily.
The experimental values are in the range of theoretical Table 3 , as well as with theoretical predictions from the thermodynamic analysis. Table 4 shows the results of calculated specific and volumetric sulfide oxidation rates obtained from this study, compared with those present in the literature. As it is reported, the volumetric rates and the specific oxidation rates were different from each other in all studies implying different experimental conditions. The specific oxidation 
CONCLUSIONS
The oxidation of sulfide was carried out in continuous culture using nitrate as the electron acceptor in the presence of activated sludge as catalyst. The removal efficiencies of sulfide were observed more than 90% when the sulfide loading rates increased from 0.055 to 2.004 kg/m 3 d. This study showed that nitrate, readily available in most wastewater treatment plants, could be used to oxidize sulfide. The end product could be either sulfate or elemental sulfur, depending on the ratio of nitrogen source to sulfide. As a result, the yield value was observed to be function nitrate/sulfide loading ratio.
Therefore the end product of sulfide oxidation can be controlled by controlling inlet nitrate/sulfide ratio. The specific sulfide oxidation rates are comparable or better than those presented in the literature, but they could be further improved by retaining and enriching the sludge.
Combining the anaerobic treatment, biogas production, and biogas cleaning with the aerobic treatment is possible. This approach allows the integration of sulfur and nitrogen cycles to improve sulfur emissions. The oxygen is used as the electron acceptor to control sulfide emissions in practice. On the other hand, nitrate has not so far been used in the industry. Combining sulfide removal with nitrate allows not only the control of sulfide but also improves nitrogen removal via lithotrophic denitrification without using a carbon source.
